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ABSTRACT 

Integrated studies on the Pliocène vertebrate locality of Çalta provided abun- 

dant data on the environment of the fauna, its biogeographic rclationships 

and its âge. The fauna is dominated by animais adapred to relatively dry and 

open environments with loose soil and some water poinK. The presence of 

shon-limbed herbivores and of ochoionids mighr indicate a landscape with 

some relief nearby. I he Çalta fauna is mainly composed of éléments with 

F.uropcan and .sorne Asiatic affinitics. African affinitics of some taxa are 

doubtful. The time range of some mammalian groups is discussed, the Çalta 

locality is dated as early MN15 (lace Ruscinian). 
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RÉSUMÉ 
Le gisement de vertébrés pliocènes de Çidta  ̂Ankara  ̂Turqu/e. J2. Paléoécohgie, 

biogéographie et biochronologie. Des recherches multidisciplinaires sur la faune 

de vertébrés et les sédiments de Çalra ont permis d’obtenir des résultats sur 

l’environnement, les affinités de la faune et son âge. Cene faune csi dominée 

par des éléments vivant danuS un milieu relaiivcment sec et ouvert, avec 

cependant quelques points d'eau fl un sol meuble. Quelques herbivores à 

patte.s courtes et l’abondance des Ochotonidaç svlggcrent des reliefs dans le 

paysage. Dans cerre faune, le.s groupes à alFinirés européennes sont plus nom¬ 

breux que ceux à affinités asiatiquc.s. Le.s rapports alricains de quelques 

taxons .sont sujet à caution. La synthèse des données biocbronologiqucs per¬ 

met de corréler ce gisement à la partie inférieure de la zone MN15 

(Ruscinicn supérieur). 

INTRODUCTION 

In the présent monograph on the Çalta vertebrate 

fauna, the sedimentology of deposits and the iso- 

topic values of bones, reeth and soil samples arc 

studied. Previous papens reported on amphibians, 

reptiles and some mammals, and also on the geo- 

logical context of this localiry. Therefore, a com¬ 

plété and reliable faunal li.st of Çalta is now 

available. 

Ail  rhese snidies provide numerous data on envi- 

ronmental habits of varions taxa and rheir bio- 

geographic affinitics. Morcover, the new criteria 

allow a better cslimate of the âge of this locaÜty. 

Comsequencly, it is now po.s.sible ro provide a 

synthetic view on rhe paleoecology of ihe site, 

the resemblances ol the launa witli  lus équivalents 

from other régions, and to discuss its âge. 

FAUNAL LIST 

The faunal list of rhe Çalta local ity is as follows 

(the new taxa described from Çalta are indicated 

by an asterisk): 

Gastropoda 

Hélix cincta Müller, 1781 

Subzebrinm sp. 

Amphibians 

Pelobates sp. 

Bufi .sp. cf. B. viridis Laurenti, 1768 

Rana sp. 

Reptiles 

Testiido sp. 

Scincidac indet. 

Lacertidae indet. 

OphistUirtis sp. 

Viiranus marathonensis'^Qiih.o^e.U 1888 

Amphisbaenidae indet. 

Scolecophidia indet. 

E}yx sp. 

Colubridae indet. 

PaLieonaja sp. 

Aves 

Struthio sp. 

Mammalia 

Inscctivora 

Asorictdus gihberodon (Petenyi, 1864) 

Mafia csarnotenseYLeximct, 1984 

Soricidae indet. 

Krinaceus sp. 

Rodenria 

^Cemralamys magaus (Sen. 1977) 

Occitanomys sp. 

*Or}entalomys galaticus (Scn> 1975) 

Âpodernus dominam Krenoi, 1959 

Mesoerkexus sp. cf. AL primitivus de Briiijn  et 

ai. 1970 

*Pseudomerwnes tchaltaensh Sen, 1977 

Mimornys davakosi van de Weerd, 1979 

Pliospalax macoveii (Simionescu, 1930) 

Dryomimus eliomyoides Kretzoi, 1959 

Lagoinorpba 

*Ochotonoma anatolica'Sien, 1998 
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Carnivora 

*Vulpes^alaticits Ginsburg, 1998 

Nyctereiites donnezani (Dcpéret, 1890) 

"^Chasmaporthetes kani anatolicus Ginsburg, 

1998 

Lynx Isswdormsh (Crui/et et Jobcrt, 1828) 

Machatrodus giganteus (Wagner, 1848) 

Perissoclactyla 

Dicerorhinus megarhinus (de Christol, 1834) 

"^Hipparian heintzi Eisenmann et Sondaar, 

1998 

Hipparion sp. cf. tJ. longipes Gromova, 1952 

Artiodacryla 

Sus arvernensts minor Depéret, 1890 

Cerviis sp. cf. C. perrieri Cruizet et Joberr, 

1828 

Giraffa sp. cf G.jumae Leakey, 1 965 

*Gazflla einilii  Bouvrain, 1998 

’^Tehaltacerus longicornis Bouvrain, 1998 

Bovidae indct. cf. Koufatragus bailloudi 

(Anunbourg Piveteau, 1929) 

Gazellospira sp. 

Hippotragini indet. 

PALEOENVIRONMENTAL 

RECONSTRUCTION 

The community of vertcbrates from Çalta 

reflects quitc well rhe environment in which it 

lived; this environment secms to hâve been 

contrasted, juxtaposing different types of bio¬ 

topes. 

The pie-diagram of figure lA gives the relative 

proportions (in terms of MNI) of the various 

groups présent at Çalta. Sysrcmatic screening 

yicided a grcat nunibcr of micromammais, 

among which gerbils arc dominant, rhus poin- 

ting to an open environment. When only large 

mammals are considered (Fig. 1 B), wc may notice 

the abundance of carnivores, probably greaccr 

rhan in living assemblages. As in the late 

Miocène ol Kcmiklitcpe A -i B (Fig. IC, Bonis et 

ai 1994), bovids are the dominant group among 

artiodactyls, but the latter are more diverse at 

Çalta, with rhe addition of a suid and a cervid, 

than at Kcmiklitepe A + B. Hovvevcr, several 

groups which occur in the upper Miocene are 

RMnocerotjdae 

Fig. 1. — MammaDan faunal composition of Çalta and 

Kemiklitepe A + B localities based on the minimum numt>er of 
individuais. A, Çalta mammalian fauna with ail groups; B, the 
same fauna wiHiout small mammals; C. Kemiklitepe A + B fauna 

wilhout rodents. 

missing at Çalta; some of them (Tubulidentata, 

Hyracoidea, C.halic<.)theriidae) may bave become 

extinct in the meantime, but proboscideans sur- 
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vivcd in che area uniil the Pleistocene, and their 

absence here miglii huve ecological meaning. 

We may aiso, once more, notice the lack of cer- 

copithecid primates, a group which remains 

completely unknown in Turkey. 

Functîonai adafiai'ionî; 

One of the characreristics of this fauna is the 

marked lengthening of the distal segment of limb 

bones in several herbivores. This lengthening i.s 

an adaptation lo running and Lmplres rherefore 

the présence of open landscapes. Th us Hipparion 

cf Imgipciy as its name indicates, is characicrizcd 

by lengthened limbs (Eisenmann & Sondaar this 

volume); GazelUi einilîi has limb bones longer 

than those of extanc gazelles, and this is aiso the 

case of rhe Hippotragini (Bouvrain this volume). 

Dicerorhiniis 7negarhinm is also a cursonal rhino 

(Guérin bc Sen this volume), The Çaira girafFe i.s 

close to rhe Atrican Plio-Pleistocenc Giraffa 

jurnae, which allows us to envisage a similar bio¬ 

tope to that of the living girafie (Geraads ihi.s 

volume).Thi.s is also the case for the Çalta ostrich 

(Janoo bc Sen this volume). 

However, beside these herbivores wirh lengrhe- 

ned limb bones, therc exisl two taxa sliovving a 

difièrent adaptation: Tchultacenis is a small ante- 

lope with short and robust metapodials; such 

metapodials are currcntly known in bovids living 

in steep landscapes such as caprines (Bouvrain 

this volume). The strong shortening of the meta- 

carpal bones in Hipparion heintzi as compared to 

the radius is found only in mountain 7.ehra.s; 

however ihe widening of the houfs in Hipparion 

heintzi contradict an adaptation to a steep land- 

scape and would rather irapiy the présence of 

soft ground (Eisenmann & Sondaar ttis volu¬ 

me). The ptesence of an ochotonid also indicates 

the présence of mountain meadows and rocky 

grounds (Sen this volume). 

Another characteristic of the Çalta verfebrate 

fauna is the great namber of animais having a 

burrowing mode ot life or even living under¬ 

ground. It is the case of several amphibians and 

reptiles; PdohateSi Eryx^ amphisbaenians and sco- 

lecophidians (Rage de Sen 1976), but also of 

some rodents such as die Spaladdae and even the 

Gerbillidae that dig shallow but labyrinthine 

butrows (Sen this volume). The ptg Sus arver- 

nensis minor is also ktïown as a inhabitant of 

humid and hor loose soils in whicli it looks for 

its food (Guérin étal, this volume), 

d’wo groups clearly îndicaie the ptesence of water 

bodies: frogs, although ibey are noi very abun- 

dant, and an aquatic shrew, j-isorteuluu which 

represencs 64.9% of the insectivore remains 

(Reumer this volume). The présence of some 

murids (Sen this volume) and a deer (Geraads 

this volume) évidences the existence of a zone 

with abuudant végétation cover in the area. 

The landscape of Çalta, when che fbssilifcrous 

deposits accumulatcd, scems to bc mainly com- 

posed of sccppic environments (cursorial ani¬ 

mais, strong pcrccnrage of gerhiJs, spalacids and 

oclioionids. Sen this volume)  ̂with some water 

sources (persistent or temporary?), fbrested zones 

and also probably with some relief Such an envi¬ 

ronment is in agrecment with sedimenrological 

tcsults (Lunkka et ai this volume). 

The cl i ma te could hâve bcen dry. Indced the 

weak spécifie diversity of Soricidae would imply 

a dry and even arid climate (Reumer this volu¬ 

me). The specialization of ihc nasal région of 

Hipparion heintzi recalls lhe disposition exisring 

in the Saïga antelope or in Camelidae and would 

mean an adaptation to an arid climate 

(Eisenmann bc Sondaar this volume). Lsotopic 

analyses show on lhe one hand the absence of C4 

ticb plants, therefore similar to the ptesent day 

situation in central Anatoli.a, and on the other 

hand a strong évapotranspiration ot platits cor- 

tesponding to an open environment with arid 

conditions (Bocherens & Sen this volume). 

Independently of indications providcd by each 

taxon, one can tr}^ to draw conclusions from the 

global analysis of the Çalta mammalian commu- 

niry. From tbc vaiious possible approaches, we 

bave refained the method of lhe cenograms and 

the factor analysis of tbe taxonomie composition. 

CUNOGK/VM 

The cenogram (Valverde 1964; IvCgendre 1986) 

is a graph established by ploiting the species on 

che X-axis m order of decreasing weight against 

che nacural logarithm of their weight (in grams) 

on the Y-axis. The slope of the linô(s) joining the 

points that correspond to the weight of each 
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Fig. 2. — Cenogram oî the Çalta mammalian fauna, comparée! with those of Lokori (présent day dry woodland of Kenya), and of 
three Pliocène sites of western Europe. The data for the western European Pliocène sites is taken from Montuire (1994). The X and 

Y axes scales given for the Çalta cenogram are aiso used for the others. 

taxon and rhe presence of possible breiiJcs along 

this line(.s) providc, according co thcsc authors, 

indications on the humidity of the environment, 

its degree ol openness, and even a minimaJ tem¬ 

pérature estimation. Wc believe, however, that 

these graphs must be interpreted with caution, 

because the slope of rhe curve dépends firsi on 

the number of species, dicrcforc on chc impor¬ 

tance of excavations, and second on the graphie 

scale used. l'hc mosc noticeable feature of the 

Çalta cenogram (big. 2) is rhe mdc gap between 

larger (more than 18 kg) and .srnallcr (less than 

0.5 kg) species. Fhis would saggesc an open 

environment, mucb more open than those of the 

roLighly contemporaneous sites of f.ayna 

(MN15. Spain) and Perpignan (MN15, France), 

and probably dightly more open than that of the 

extant Lokori fauna in Kenya which is from an 

open forest/wooded grassland environment with 

a subarid climate. On the Çalta cenogram, the 

slope of larger mammals is nor much .steeper 

than that of smailcr ones, implying iliat the cli- 

mare was nor very arid, Icss so than> e.g.-, that of 

La Oalera (MNl4, Spain). l'hc cenograms of the 

Spanish and Frcnch sites mentioned above are 

taken from Montuire (1994). 

T/VXONOMIC COMPOSITfON 

Mammalian communities also differ by their 

taxonomie composition, since rhe main mamma¬ 

lian groups are mom or less abundanriy represen- 

ted depending on environnienral factors. 

Mulrivariare analyses allow a beiter estimation of 

rhfcse difïêrences. We hâve ihus undertaken a fac¬ 

tor anajysi$ on twenry extant communities of the 

Ancient World (Table 1), by using as variables 
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X Taxa • Recent faunas; forest ■ Fossil faunas; Africa 

O Recent faunas: savanna □ Fossil faunas; Êurasia 

Fig. 3. — Correspondance factor analysis of Recent and Pliocène mammalian faunas. Matrix from references cited in tables 1.2. 

Table 1. — List of the sites with living mammalian communities used for factor analysis. Their environments and the related refe¬ 
rences are also given. 

Sites Countries Environment References 

Umfolozi A South Africa savanna with acacias, gallery forest Mentis 1970 
Hluhiuwe B South Africa decidual humid forest Bourquin étal. 1971 
Chobe C Botswana tlood platn Sheppe & Haas 1976 
Kafue D Zambia flood plain Sheppe fit Osbome 1971 
Baoulé E Mali dry savanna Bousquet 1992 
Lomto savanna F Ivory Coast savanna with acacias, gallery forest Bourlière et ai 1974 
Niokolo-Koba G Sénégal woûded savanna, tlood plain Bousquet 1992 
La Comoé H Ivory Coast wooded savanna, flood plain, forest Larligues & Poilecot 1997 
Azagny J Ivory Coast marsh and forest Bousquet 1992 
Taï K Ivory Coast evergieen trop-cal forest Bousquet 1992 
Lamto forest L Ivory Coast montane forest Bourlière et ai 1974 
Makokou M Gabon équatorial forest Happold 1996 
Irangi N Congo equalotial forest Rahm 1996 
Mount Kivu 0 Former Zaïre montane forest, savanna, marsh Rahm & Chrisliaensen 1963 
Gunong Benom P Malaysia tropical rain forest Medway 1972 
Kuala Lumpat Q Malaysia tropical rain torest Medway & Wells 1971 
Gunong Mulu R Malaysia tropical rain forest Anderson et ai ^ 982 
Wilpattu S Sri Lanka forest. tlood pfain Eisenberg S Lockhart 1972 
Gir T India open forest Bernick 1974 
Kanha U India forest, meaOûw Schaller 1967 
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Table 2. — List, âge and references of Pliocène localities used for factor analysis. 

Localities Countnes Age References 

Layna 1 Spain MN15 Ferez & Soria 1989-1990 
La Calera 2 Spain MN14 Alcala1994 
Villaroya 3 Spain MN16 Azanza ôtai 1989 
Serrat-d'en-Vacquer 4 France MN15 Mein 1990 
Les Élouaires 5 France MN16 Heiniz et ai 1974 
Dorkovo 6 Bulgaria MN14 Thomas et ai 1986 
Malusteni 7 Romania MN15 Macarovici 1974 
Kvabebi 8 Georgia MN16 Vekua 1.972 
Karboliya 9 Moldavia MN14/15 Pevirner et ai 1996 
Yushe (Upper Gaozhuang) 10 China MN15 Tedtord otal 1991. Fejfar et ai 1997 
Çalta ÇALTA TurHey MN15 this volume 
Dmar-AKçakôy 11 Turkey MN14 Van der Meulen & Kolfschoten 1986 
Gülyazi 12 Tufkey MN16 Sickenberg étal. 1975 
Warwire 13 Uganda 3.5 Ma Picklord & Senul 1904 
Nkondo 14 Uganda 4.5 Ma Pickford & Sontit 1994 
KT13 15 Tchad 3-3.5 Ma Brunet et a/. 1997 
Laetoli 16 Tanzania 3.5 Ma Harris étal. 1989 
Tulu Bor 17 Kenya 3.5 Ma Feibel et ai 1991 
Lokochot 18 Kenya 3.5 Ma Feibel et ai 1991 

the main groups: Priftiaca (PRIM), Lagomorplia 

(LACÜ), Tubulidenrara (1'UBUL)t Pmiioscidca 

(PROBO)» Hyraçoiiiea ((HYRA), Tapiridae 

(TAPIR), Rhinocerorîdae (RHINO), Pquidae 

(EQUID), Suidae (SUIT)), Hippopotamidae 

(HIPPO), Ctfrvidat: (CF-RV*), (jirafiidae 

(GIRAF) and Bovidae (R(.)VID). We hâve iherc- 

fore excluded carnivores (rhat yield lirtle ccologi- 

cal informarion, and who.se numbcr dépends on 

the type ol deposiis), as wcll as bats and rodenrs 

(except Hystricidac; HY-ST) whose abundance 

aiso dépends on taphonomic condirions. This 

analysi.s disringuLshes wcll (plane I-2, the CFA, 

Fig. 3) open habitats trom closcd ones (axis l 

especially), and aIso Alricun faunas from rhosc of 

Eurasia. Il we replace on the sanie graph (as sup- 

plementary or illustrative cléments) a set of fau¬ 

nas from the Pliocène of the Old World 

(Table 2), onc can makc several observations. 

As prcviously nociced by de Bonis et ai (1994), 

fossil faunas are systemarically shifted in relation 

to the living ones. The disiinciian between 

African and Eurasiaric fauna-s neverrhcless 

remains cicar, since rhey are clearly separared in 

two different parts of this diagram. One can rhe- 

refore rightfully chink thar rhe observations on 

the spatial distribution of extant faunas should 

be applied ro fossil ones, and that it is therefore 

possible to deduce some paleoccological condu- 

siotis from their comparison. Airicati tossils fau¬ 

nas would thus illustratc Icss varied habitats than 

Eurasiatic faunas, since they are more grouped 

and indJeate in general more open environments. 

riiis coïTcsponds well wîth wbat is knovvn about 

them. Onc can then interpret the position of 

Çalta. on the wevy' lefr of rhe graph, as reflecting 

a more open habitat rban any other F.urasian 

locality*. This result, even if  ir does fiot bave lo be 

accepTcd withoiU nuances, corre.spunds well to 

indications provided by others approaches. 

BIOGEOGRAPHY 

The Çalta faunu is composed of thrcc specics of 

amphibians, ten reptileSï one bird and thircy-onc 

species of manimals. Fhis numbcr clearly shows 

diai tins association is rich cnough to be repré¬ 

sentative of the tcrresirial faimol speerrum of the 

area during the rime of deposirion of the fos.dli- 

ferous horizon. 

faken one by one, the généra and specics rcco- 

gni/ed at Çalta bave different affinirics when 

compared to the géographie distribution of rcla- 

ced groups. Wc will  classjfy them in (our catego¬ 

ries, having in mind the affinity of each taxon, as 
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Europcan, Eurasiaric, Africun and local. 

Howcver, as wc wül see bclow, -sornc: taxa found 

at Çalta cannoi be clcarly rclated to a biogcogra- 

phic province. For instance, Ciraffa may appcar 

as an AJrican eicment of this fauna because of the 

past and présent dispersai of ail représentatives of 

the genus, frorn llie latesi Miocene to Présent; 

however, it may be considered as an Eiirasian 

form if  we take Into accourit its phylogenetic 

relationships with the genu.s Bohlinia (late 

Miocene, Greece, Iraq). 

EUROPRW APHNiTlKS 

Among tlie Çalta rnammals, the taxa having 

European affinitics are dominant. The insecti¬ 

vores Awriculiis gihberodon and Mafia csarnotense 

are the common éléments of central European 

Pliocène launas (Reumer this volume). A. gihhe- 

rodon was also found in the localities of 

Maramcna, Maritsa and Tourkobounia-1 and, 

M. csarnotensp at Apolakkia (Greece). These tw-o 

species are nor known in westetn and easrern 

Europe. The European rodents tT Çalta are 

Centralomys ̂Occitanomys-, Dryomlmus and 

Mimomys diivaktni, The species included in 

Centrahmys v^'^ete described Irom italy, Greece 

and Turkey, and this genus has phylogenetic rela¬ 

tionships with the western European Castillomysy 

and perhaps vvith Oedtanomy ̂(see Martin Suarez 

& Mein ]9*->l). Oedtanemys. is a well-known 

western European genus, but de Bruijn (1976) 

and Black ei al ( I98if) referred to it, with a qnesr 

don mark, a new spceies from TuroHan localities 

in Greccc. Moreover, Scorch (1987) included in 

this genus the doubcful Stephavo7nys ?” pnsillus 

Schaub, 1938 from some latest Miocene locali- 

des in Inner Mongolia. If  this attribution is cor¬ 

rect, Occitanomyi might hâve an Eurasian 

distribution, at least during the lare Miocene. 

Dryomtnius is apparently derived from the wes¬ 

tern European Peridyromys or iMyominuis (Daams 

1981). It occurs durrng the Pliocène in central 

and southea.stern Europe. Mimomys davakosi is 

one of the oldest species referred to thi.s genus, 

and it was found in localities close tn âge to the 

MN14/MN13 houndary in Greece, France and 

Spain. Although Radulescu & Samson (1989) 

suggested its .synonymy with Mwwmy^ moldavi- 

cus Kormos, 1932 from Malusteni in Romania, 

Fejfar et ai (1990) and Bachelet (1990) maintai- 

ned it as a disdnet species. Latcr représentatives 

of the genus Mimomys are the common éléments 

of the late Pliocène and early Pleisiocene faunas 

ail over Eurasia. 

The Çalta rhino Dicerarhinus }negarhi>iui is also 

cxclusivcly European. It was discovered in altnost 

ail countries from Spain to Ulcraine and Georgia 

during the Riisdnlan (Guérin & Sen this volu¬ 

me). The géographie distribution of Sus aruer' 

nemis closeiy follosvs ihat of this rhino (Guérin 

ei ni this volume). 

l he large oA'erall sJze, the robustness, and even 

rhe upper cheek tooth murphology are rather 

simiiar in Hipparion heintzt from Çaliâ and in 

//. amsum (Eisenmanii ^ Sondaâr this volume). 

The latcer species, the type localit}^ of which is 

Perpignan in somhern France, was also found in 

Greece. 

An indeterminate bovid frorn Çalta can only be 

compared wuh Koufhtmgns bailloudi from the 

late Ruscinian of notthern Greece. 

ASIATK: OK EUR^SIATIC AfFiNITIES 

Among the Çalta mamrnals several groups hâve a 

widc géographie distribution across Eurasia. This 

is the case of Erimueus -sp. and Apodrrnus domi- 

nans which are known in many localities in 

Eurasia. Oriimtaiomys is a mund which probably 

originated from Asia, but also occurred in south- 

ca.stcrn Eurojîc and Anatolia. Pseudomeriones has 

.1 simiiar distribution; it wa.s found în China, 

Turkmenisran, Afghanistan, Turkey and Greece 

(see Sen this volume); it was also recorded in the 

Czeck Republic with one tooth, -and with one 

other tooth in Spain! Because ol the lack of data 

on the phylogenetic relationship.s ol this genus, it 

is nor possible to recognize from wherc it origi¬ 

nated. 

The only lagomorph Itom Çalta is a new taxon, 

Ochotonoma anatolica, which i.s rclated to ochoto- 

nid généra Proochotonay Pliolagomys, Ochoto- 

noides and OchoUtna. This group has a long 

hi.story and a wide distribution in Asia and eas- 

tern Iturope; exceptioiially its representadves cmi- 

grated to central and western Europe during the 

Pliocène and Plcistoccnc. This group is proh.ably 

derived Irom the carly-middie Miocene Beltatona 

which is well-known in central and easrern Asia. 
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Vulpes galiiticiis Irom Çalta is the oMest représen¬ 

tative of tlie genu.s. Late Pliocène and early 

Pleistocenc occurrences of Vulpes wert* mentio- 

ned ail over Eurasia and Norrh Africa. Howeven 

the attribution ol .several fïndings from Europe 

and Asia to the genus Vulpes is doubtfuJ, hir ins¬ 

tance Vulpes odessafius from the Odessa- 

Catacombs, and inversely somc other retords 

described as Cunis or Nyctereutes might wcll rctcr 

to Vulpes. rite other carnivore issiodorerisis 

bas a géographie disTribution covering ail 

Mcditerranean Europe, rhe Black Sea Coastal 

areas and Norrh Africa. The généra NyctereiUesy 

Chasmaponhetes and Macbairodm liave a widc 

géographie distribution fmm Spain to China and 

to Africa. Although ail Çalta carnivores bave 

their relatives in some North African Plio- 

Pleistocene localities, they are coiisidered as 

having originared bom Eurasia or even North 

America (Canidae) and they immigrated to 

Africa during the Pliocène. 

Hipparion cf. longipes is represented at Çalta by 

ten postcranial bones, and is thus rarcr than the 

other species H. bevitzi (Eisenmann & Sondaar 

this volume). H. longipes is only known honi rhe 

latest Miocène localities of Pavlodar and 

Kalmakpai in Kazakhstan. However, somc rela- 

ted forms, similar in the proportions of limb 

bones but slightly smaller, bave been tound in 

the localities of Karaburun in Greece, Layna and 

La Gloria 4 in Spain. 

Gazella emilii trom Çalta is clearly different from 

the European Pliocène species G. borhmiica, but 

quite similat to some species reported from cen¬ 

tral Asia (Bouvrain dus volume). The new genus 

and species Tchaltucems lougicoruh is a Caprinae 

having resemblances with somc species included 

in Protoryx from Spain and Georgia. Ir is in any 

case related to the Eurasiatic goat-like,bovids. 

Some scarce remains of a Çalca bovid were deter- 

mined a.s ? Gitzellospira sp. Thi.s genus has a wide 

distribution from vSpain to China. 

Aj'Rican \ms\rm 
Taxa with African affinities are rare at Çalta. 

Moreewer, if  even theh living relatives are exclusi- 

vely African, they did not necessarily originate 

from this continent. This is the case of the ostnch 

Struthio which is recorded in many Asian and 

eastern European localities during the Miocène 

and Pliocène, while the extant distribution of 

this genus is limired to Africa, The same is also 

true for Girajfa sp. cf. 6'. jumae. Giraffids are 

well-known during the middie and late Miocene 

ail over Eurasia and North Africa, but become 

rare during the Pliocène. The genus Gtraffii first 

appears in East and South Africa around the 

Mio-Pliocene boundary, and it is quite well- 

represented in rhe Plio-Pleistocene East African 

faunas. However, this gênas is probably derived 

from Bohlinia which is only known in late 

Miocene localities in Creece and Iraq. The Çalta 

giraffe cannot be the ancestor of irs African rela¬ 

tives sitice this genus occurs earlier in Africa. 

However, il cannot be fully considered as of 

African origin because of the phylogenelic link 

bcHA'een this genus and Bohlinia. Thus the Çalta 

gitaife might bc either of eastern European or 

African origin;, and we think it would be unwise 

to draw any biogeographit conclusion from it. 

The icmains of Hippotragini arc quite rare at 

Çalta. le is apparently the unique élément of this 

fauna which originated from Africa, since the 

Hippotragini first appears in East Africa during 

the late Miocene and later in Europe (Kvabebi, 

Georgia) and in the SiwaJiks of Pakistan during 

dte late Pliocène, about 2-3 Ma ago. 

Pickford Morales (1994) demonstrated that 

rlie enrichment of African cléments in Spnnish 

Ncogene faunas is closely related to climatic fluc¬ 

tuations. itself regulated by the northern exten- 

tion of the Ethiopian biogeographit realm. 

According to their results, the peaks uf faunal 

change, which correspond to the maximum 

extension of the Ethiopian biogeographic realm, 

occurred at about 7 ± 0.5 Ma and 2.5 ± 0.5 Ma. 

The rariry of African éléments in the Çalta fauna 

may be explaincd by the fact that it bclongs to an 

intermédiare phase between the.se dates. 

Nevertheless, tlie Pliocène faunas from the eas- 

lern Mcditerranean régions are still poorly 

known to document cnough ihe phase of African 

influences in niammalian communities. 

Locai 1'0K,V1S 

Two rodent généra from Çalta, Mesocricetus and 

Pliospalax ̂arc local forms. Fhcir past and présent 

distribution does not exceed the régions surroun- 
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ding Turkey, i.t\ from the Balkans ro Iran and 

the Middlc Easr. 

In summary, thc Çalta buna îs mainly composed 

ot éléments wirh Fumpean affiniiies, together 

wirh some furms fhar are clearly related to Asiatic 

groups. Spccies with Alrican affinities are rare 

and their biogeograpKie relations are doubtful. 

BIOCHRONOLOGY 

The Çalta mammal locality is in Fluviatile dépo¬ 

sas which do not conrain any volcanic or vulca- 

niclastic intercalations. Thus, ic is noi possible to 

apply radiometrlc dating lechnics. In 1994 and 

1995, J. Kappcirnun, J. I-. Lunkka, D. Ekart and 

S. Sen sampled a 195 ni ihick section across rhe 

lossiliferous horixon for a magnetostracigraphic 

study. Faieomagnctic analyses of samples hâve 

been pertormed by J. Kappelnian in thc 

Universiry of Texas at Ausiin. Unfortunatcly, it 

appeared that most sam pies arc remagnetized 

probably becau.se of iectt)nic tilting of deposits 

after déposition. 

The Çalta section is not stratigraphically correkv 

ted to Ollier mammal localicies of thc basin. 

Moreover, the nearest mammal locaüties 

Kavakdere and Çoban Pinar yielded Turolian 

mammal faunas> and thus they do nm contain 

even one taxon in common with Çalta. 

In Turkey, several Pliocène mammal localities are 

already laiown. Howev'er, most nf rhem hâve pre- 

liminary faiinal lists> and rhe orhers are low in 

species diversity. unfortunarely, rhey are nor 

reliable for detailcd biochronologic comparisons. 

In Greece» Pliocène mammal faunas are better 

known from a dozen localities (Van der Meulen 

& Kolfschoten Koufos Ko.stopouios 

1997). l'hanks to fàunal Hsts published by thèse 

authors and the studics mentioned therein, rhe 

Çalta fauna can bc compared with some of rhem. 

In addition, the dose biogcographic affinities of 

this fauna with those from Eurasia aiso provides 

biochronologic criteria for corrélation. 

Figure 4 shows rhe biochronologic distribution 

of some selecred généra and .species from Çalta. 

Most of them appear during thc late TuroUan or 

early Ruscinian, and çhey have a time range 

generally covering the entire Pliocène. However, 

some oiThem arc more restricted in time and can 

bc used as key elemonrs ro date this fmna. 1 bis 

is thc case of thc insectivore Mnfiii  csamotensr, its 

oldesr known occurrence is at Podlcsicc (late 

MN14, Poland), and the younge.si one at 

Csarnota-2 (late MN15> Hungary). This species 

was alsü found in Apolakkia (lare MN15, 

Greece). Moreover, studying the Çalta insecti¬ 

vores, Reumer (this volume) nored the absence 

of Crocidurinae in this fauna as a proof of its ear- 

lier Lige in comparison to localities where rhis 

gruup exists. Crocidures orjginated from Africa; 

their carlicst occurrence in Furope i-s in rhe loca- 

lity of Apolakkia, Rhodes Island, Greece (Weerd 

et ûl, 1982; Reumer 1984). This localily is dated 

as latc MN15. Eater on ihi.s group bccomcs com¬ 

mon in Villanyian and younger faunas in 

Europe. 

Pst'udomeriùties is a gerbÜ which occurs from the 

latcst Vallesian to ^ middle Villafranchian in 

China, Turkménistan, Afghanisran, Greece and 

Turke). In rhe Aegean area, its représentatives are 

P. cf tibbreviatîis in latest \^allcsiim and Furolian 

localities, P rhodins at Ano Mctochi (MN13) 

and Maritsa (MNl4) and P. tcbaluu'mis ar Çalta. 

l'he lartef species is more derived than rhe otlicrs 

(Sen this volume), which favours an âge younger 

chan Maritsa. 

Mimomys davukosi was uniy reported from the 

carly MN15 faunas: Ptolémaïs 3 (type locality, 

Greccc) and Serrat-d*en-Vacquer (référencé loca- 

(iiv oi MN15, Southern France). It is considered 

as one of thc oldcst and most primitive spec ies of 

rhe genu.s. ’fhe grcat agrecment among the 

rodent spccialists is that the appearance of 

Mimomys dcfincs the base of MN15. The oiher 

primitive species of Mlmoviys is M. anïiqiius 

from Pesiiniovo-Borld and Borcliole No. 2 along 

thc Rivet Oh in western Siberia (Zazhigin 1980), 

both localities daied as MN15a (Fcjfat er al. 

1997). Radulesco & Samson (1989) suggested 

the synonymy of A/, diwakosi with anorher pri¬ 

mitive Mimomys from Malusreni (MNl5a, 

Remania), A/. molfLnncus 1930. l'ejfar 

et al. (1990, 1997) retained this opinion with 

sojne caution bccause of the poor State of préser¬ 

vation of the Malu.steni .spécimens. M. vtinder- 

meidenï Fejfar et al, ^ 1990 irom Spanish localities 

is also characterized by low dental tracts, strong 
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Fig. 4. — Stratigraphie distribution of some généra and species represented in the Çalta fauna. 

roots and an occlusal pattern similar to that of 

M. davakosi. Some Spanish localides yieldingthis 

species were dated by magnetostratigraphy as 

about 4 Ma old, and rhe others correlated to 

carly MN15 (Opdyke vt ai 1997; Fejfar et ai 

1997). In Spain as well as în other parcs ol 

Europe» lare MN15 and larcr faunas includc 

Mimomys species wiih a more derivcd dental 

pattern: higbcr dentine tracts, roots smaller, 

incrcase of the hypsodonty, appearance of 

Dolomys-pmtvn. etc. This review shows rhat rhe 

Çalta Mimomys remains among the earliesr 

known species of this genus. 

Taking into account the bulk o( the Çalta fauna, 

and more parcicularly the time range and the 

stage of évolution of some key taxa, it seems 

obvious that this fauna should be dated as 

MNl5, and more probably Ln the lower part of 

this zone. 

ln the l'crucl Basin in eastern Spain» Opdyke et 

ai (1997) stLidicd the magneric stradgraphy of 

sevcral sections bcaring lurolian, Ruscinian and 

Villanyian mammal localides. Using magneto- 

scratigraphic corrélations from the Orrios, 

Villalha Alta, Escorihuela and Loma dcl Castillo 

sections» they calibrated the MN14/MN15 

boundary as 4,18 Ma, and the MN1S/MN16 

boundary as correlarive to Gilbert/Gauss boun- 

dary at 3.58 Ma. They also obtained boundary 

âges for older (Turolian) and younger 
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(Villanyian) MN zones which are our of the 

scope of the présent study. On the other hand» 

magnetostraiigraphy of Pliocène mammal locali- 

ties in Romanja calibrated the Dacian/Romanian 

boundary at ahonr 4.2 Ma (Son 1997); rhis 

boundary is considered as équivalent ro the 

MN14/MN15 boundary of rhe European mam- 

malian zonation. These results agréé in the attri¬ 

bution of an age about 4 Ma lo the Çalta fauna. 

Acknowledgements 

This paper is a resuit of the field trip organized 

by E. Meinrz in 1972 to which hâve aiso parrici- 

pated 1. Ginsburg and M. Gürbiiz. The .sugges¬ 

tions of the referees j. Michaux and M. Pickford 

greatly improved thîs paper. 

REFERENCES 

Alcala Martinez L. 1994. — Macromamiferos neoge- 

nos de la fosa de Alf.^mbra-Teruel. Instituto de 

Estudios Turolenses. Mmto rutctonal de CieNcias 
namrale^. l'eruel, 554 p. 

Anderson ). A., Jerniv A. C. the E.irl of Cranbrook 

1982. — Gunung Mulu naiional park: a manage¬ 

ment and development plan. Royal Geographiva! 
Society: 1-345. 

Azanza B.. Menéndez F. de Alcala Martinez L. 

1989. — The MLddIe-Upper T'urolian and 

Rusciriian Cervtdae in Sp.iin- BoHvùno délia Sfuivia 
PaleonCtüogka haluwa 28 (2-3)r 171-182. 

Bachelcr B. 1990. — Mnridne et Arvicolidae 
(Rodernia, Mammalta) du Pliocène du Sud de la 
France: systé^natique, évolution et hiocbronologie. 
rhèse de doctorat de Tuniversite de Montpellier II*  

211 p. 
Bcrnick S. 1974. — The contPHunity nf the wdd rumi¬ 

nants in the Girforest, Ph D chesis* Yale University: 

1-226. 
Black C. C., Krishcalka L. St Solounias L. 1980. - 

Mammaltan fossils of Samos and Pikermi. L 1 lie 

Turollan rodents and insectivores of Samos. Annais 
of the Liirtiegie Muséum 49: 359-378. 

Bocherens H. & Sen S. 1998. — Isotopic investiga¬ 

tion» hi Sen S. (cd.). Pliocène vcricbrarc localiw of 

Çalta, Ankara, lurke>. 11, Geodiversitas 20 (3) : 

487-495. 
Bonis L. de, KouvTain G., (îeraads D., Koufos G., Sen 

S. &: Fassy P. 1994. — Les gisements de mammi¬ 

fères du Miocène supérieur de Kemiklitepc, 

Turquie. 11- biochronologic, palcoccologie cl rela¬ 

tions palcogéograpliiqucs. Bulletin du Muséum 
national d'Histoîre yîuturelle, Paris, C 16 (1) : 

225-240. 

Bourlière F., Minncr E. &: Vuatroux R. 1974. - Les 

grands mammifères de la région de Lamto* Côte 

d’ivoire. Mannnulia 38 (3) : 433-447. 

Bourquin O., Vliii.ctn  J. & Hiicluns P. M. 1971. — 
The veriebrare.s of ihe Hluhluwe game reserve. 

Coiridot (Staie-LanJ) Umfolozi game resen^c com- 

ple\. TheLammergeyerXA: 5-5S. 

Bousquet B. 1992. — Guide des parcs nationaux 

d'Afrique : Afrique du Nord et Afrique de TOuest. 

L>elacnaux de Niestlé (cds)> 368 p. 

Bouvrain G. 1998. — Bovidac, in Sen S. (cd.), 

Pliocène vcrlcbrale localicy of Çalia, Ankara, 

l'urke)'. 10, Geodivetsittu 20 (3) : 467-485. 

Bfuijn IL de 1976, — ValIeMan und Turolran rt>dents 
iroin Bioria, Attica and Rhodes (tîreece). 

Procedings oj the Kouinklijht’  NederlandiC Aksidemie 

van Wetenschüppen^ Am.steidam, B 79; 361-384. 

Brunet M.. Bcauvilain A., (Jeraads L)., Guy F., Kasser 

M., MacKaye H., Vlouchelin G.. Sudre j. & 

Vignaud P. 1997. — Ich.id : un nouveau sire à 

Hominidés pliocènes. Compte  ̂rendus de P Académie 
des Sciences de Parts, lia. 324: 341-345. 

Daams R, 1981. — l*he dental partern of chc dormice 
Oryomyi  ̂Myomimus  ̂Mioodyromyt and Pvridy- 

romys. Utrechl Mkropitleùniologtca! Bulletin, Spécial 

Publicarion, 3: 1115. 

F.isenhcrg j. du Lockhari M. 1972. An ecological 

reconnaissance of Wilpatcu National Park, t^eylon. 

Smuhsanian Contributions to Zoology 101: 1 ] 18. 

Fisenmann V. dc Sondaar P. 1998. — Ihjîparions, in 

Sen S. (ed.). Pliocène vcftebrate lucality of Çalta, 

Ankara. Turkey. 7, Geodivenitas 20 (3) : 409-439. 

Feibcl C- -S., Harri-s ). M. & Brown F. M. 199!. — 

Palacoenvironmcntal contexi for the fate Neogene 

of the îïirkana basin; 321-370, in Harris J. M. 

(ed.) Koobi Fora Research Project, volume 3: The 

l'ossil Ifngulatfs: Geofog)', Fossil Artiodactyls and 

Piilaeoenvironments. Clarendon Press, Oxford. 

l'cjfar O.. Hemrich W. D., Pcvzner M. A. 6c 

Vangengeim E. A. 1997. — Late Cenozoic 

sequences of inammalian sites in Eurasia: an upda- 

ted corrélation. PaLteogeography, Palaeoclimatology, 

Palaeoecalogy, Amsterdam 133: 259-288. 

Fejfar O., Mein P. &: Mtiissenet E. 1990. — Larly 

arvicülid.s from thw Ruscinian (early Pliotcnt) of 

the Jenicl Basin. Spain: 133-164, /;/ Fejfar O. & 

Heinrich W. D. (eds). International Symposium 

Evolution. Phylogeny and bivsttatigraphy of arvkolids 

{kodentitL Mammalta). Geological -Survey, Prague. 

Geraads D. 1998. — Cervidac et Giraffidjc, in Sen S, 

(ed.). Le gisc-(i|ciii de vertébrés plioct-ijes do Çalia, 

Ankara, Turquie. 9, Geodiversluis Pd (3) : 455-465. 

Cunsburg L. 1998. — Carnivora. in Sen S. (cd.l, Le 

gisement de vertèbres pliocènes do Çjha  ̂Ankara, 

Furquie. 5> Geodiversitas 20 (3) : 379-396. 

Guérin C. & Sen S. 1998. — Rhinoccrutiilacv in Sen 

S. (cd.), Le giscjnciu de vertébrés pliocènes de 

Çalta, Ankara, Furquie. 6, Geodiversitas 20 (3) : 

397-407. 

508 GEODIVERSITAS • 1998 • 20(3) 



Pliocène paleoecology, biogeography and biochronology of Çalta 

Gucrin C.. Faure: M. & Slti S, ! 908. — Suiclac, in Sen 

S. (cd.), l.e gi^emeni de verrébrés pliocènes de Çalra, 

Ankara, Turquie. 8, (kodivmtuh 20 (3) : 441-453. 
Happold D. 1S>96. — Mammal.s of ihe C^uinca- 

Congo rain foresr. Proccedings of the Ruyn! Society of 
Edinhurgh 104 B: 243-284. 

Harris J. M. 1987. — Suirunary: 524-531, in I.cakey 

M. D. & Harris J. M. (ed.s), LuetoU, a Pliocène site 
in TanztîriuL C4.\ford Universiiy Press. 

Heintz É., Ciueiin C., Martin R. Prai F. 1974. — 

Principaux gisemenr.s villafranchiens de France : 

listes fauniques et biostratigraphie. Mémoires du 
B.R.G.M. 78: 100-182. 

Janoo A, Sen S. 1998, —Strutbionidae, Aves, in 
Sen S. (ed.), Pliocène vcTtêbraïc It»ca1iry of Çalta, 

Ankara, 3 uikey. 2. Geodiversitns li^  (3) : 339-351- 

Koufos G. D. Sc Kostopoulos D. S, 1997. 

Biochronology and succession of the Plio- 

Plcistoccnc macromammaliati localirics of Greece. 

in Aguilar ). P., l.cgctidre -S. 8: Michaux J. (eds.), 

Actes dv Congrès Bincf*roM'97^ Mémoires et Tri2Viiux 
de PEPIÎE, Institut de Montpellier 2 ! : 619-634. 

Larrigues A. &l  PoÜecin P. 1997. — Évolution récente 

de la grande faune dans le parc de la Gomoé, en 

Côte a’ivoire. Bulletin mensuii de Püffice national 
de la chasse 226: 20-31 

Legendre S. 19SG. — Analysis ut mammalian com- 

munities fruni che lace Focene and Oligocène of 

Southern France. Palaeavertebrata 16 (4): 101-212. 

Lunkka J. P., Kappelnum J.. Kkan D. &C Sen S. 

1998. — Scduncntaiion and lithostratigraph^, in 
Sen S. (ed.). Pliocène vertebiate locallc)' ot Çalta, 

Ankara, Furkey. 1. Gevdiversittts 20 (3) : 329-338. 

Macarovici N. 1974. — Précisions sur la faune villa- 

franchienne de (a RouTiianie. Mémoires du 

S.ÆG.yVT 78: 211-218. 

Martin Suare?. £. Si Mein P. 1901. — Révision of che 

genus Castillomys (Mnridac, Rodcnii.î). Scriptn 
Geologicu 96: -17-81. 

Medway L. 1972. — The di.strihution and altitudinal 

zonation orbirds and inammals un Gunong 

Benonv Bulleitn of the British Muséum of Natural 

Htstory (Zoolog):) 25: 105-154. 

Medway L. ftc Wells D, 1971. — Diversity and densi- 

ry of birds and tnanunals ai Kuala Luinpat. 
MaLiysian NaturaUst Journal 14: 238-247. 

Mein P. 1990, — Updaiing of MN zones. /« Linclsay 

E. H., Fahlbusch V. & Mein P. (eds). Europenn 
Neogenc Mannnal Chronolvgv  ̂NATO, ASI Serie.s, 

A 180: 73-90. 

Mentis M, T. 1970. — Estimâtes of natural biomasses 

of large borhivorc$ in rhe llmfolozi game reserve 

area. Mummalia 34 (3): 363 393- 
Montuire S. 1994. Communautés de mammifères et 

environnements : l'apport des jaunes aux reconstitu¬ 
tions des müit'ux en Europe depuis le Pliocène et 
Pimpact des changernt'füs climatiques sur la diversité. 
Thèse de doctoral, univcrsitc de Montpellier II,  

128 p. (unpublished). 

Opdykc N-, Mein IL, T indsay E,, Pere/-G«tnzalez A., 

Mois.scnet E. Nafton V. 1- 1997. —Continental 

dcposiis, magneiostratigraphy and venebrate 

paleoncology. ̂lare Neogene of ca.stern Spain. 

Palaecfgeography, Palaeoclimatology, PaUieaecologyy 

vXmsicrtl.im 133; 129-148. 

Ferez B. & .Soria F). 1989-1990. -— Analisis de las 

Gonaunidades de ntainifcros dcl Plioceno de l.ayna 

iSoria) y La Calera (Tcruell. Paleontologia y 

Evoiudo 23; 231-238. 

Pcvzner M. A., Vangcngelm E. A., Vislobokova L A., 
Sotnikova M. V. &L Tesakov A. S. 1996. — 

Ruscinian of the territory of rhe former Soviet 

Union. IS/ctvdettrn on Stratiy/ftphy 3.3 (21: 77-97- 

Pitklorvi M A' Morales | 1094, — Biosiratigraphy 

jn*!  paLteobiogcogiaphy of Fast Africa and the 

Iberian peninsula. I*alaeogrograpby, Palaeoclimato- 

logy, Palaeoe$'olog\ ̂122; 297-322. 

Pickloril M. ik Senut B. 1994. - Palacobiology of 

che Albertine rift valley: general condu.sions and 

synthesis, in Geology and Palaeobiology of the 

Albertine rifi  v^aliey-. Uganda-Zaïre. Volume II:  
Palacnbiolog), (..f.E.EAj., Occanonal Puhlicationsy 

29 :409-^*23. 
Radulcscu C. 6i Samson P. 1989. — Contributions 

lo che knowledge nf tbe mamnv.ilijn fannas from 

Malu.sceni and Beresti (Romanial. Onder Kodentia, 

J-anuly Arvicolidae. Iravaux de rinstitut de 

Spéologic s Emde Racuvitza Buc.ire.vr 28; 43-56. 

R.ige j. C. & Sen S. 1976. — Les amphibieas et les 

reptiles du Plioeènc .supérieur de Ç,jIu (Turtprie). 

(jréologie méditerranéenne 3 (2) ; 127-134. 

Ralim V. 1966. — Les mammifères de la foret équa¬ 

toriale de l’est du Congo. Musée royal de PAfrique 

rnltralci Anuitles, sfitnees zoolngiques ) 49 : 39-121. 

Rahm V. & Cbrcstaensen A. 1963. — Le.s mammi¬ 

fères <ie la région occidentale du lac Kjvu. Musée 

royal de l'Afrique centrale. Annales, scietiees sxmlo- 

giqim 1 18 : 1-83. 

Reumer J. W. F. 1984. — Ruscinian and carly 

Plcistocene Soricldae (Inseciivora, Mamrnalia) 

from Tegclen (The Netherlünd.s) and Hungary. 

Scripta Geologicû 73: 1-173- 

Reumer J, W. F, 1998, — Inscctivora, in Sen S. (ed.). 

Pliocène vcricbratc locality ol Çalta, Ankara, 

Turkey. 3, Geadiversiias 1{S (3) : 353-358. 

Schaller G. B. 1967. — The deer and tbe îiger. 

üniversity of Cliicagr) Pa'ss. 370 p. 

Sen S. 199T — Magneiostraiigrapbic calibration of 

the European Neogenc Mammal Chronology. 

Palaeo^tography, Pflaevclimaîolagyy Prdaeoecalogyy 

Arnsicrdam 133: 181-204. 

Sen S. 1998. — Lagomorpha and Rodenria, tn Sen S. 
(cd.). Pliocène vertebrate locality of Çalta, Anlcna, 

l urkcy. 4. Oeodiversitas 20 (3) : 359-378. 

Shcppc W. & O.sbornc T. 197]. ^— Patterns of the 

use of a tlood plain by Zambian mammals. 

EcologkalManographs A\ (3); 179 205. 

Sheppe W. & Haas P. 1976. — Large mammal popu- 

GEODIVERSITAS • 1998 • 20(3) 509 



Sen S., Bouvrain G. & Geraads D. 

lations of the lower Chobe river» Botswana. 

Mammaliû 40 (2) : 223-243. 

Sickenberg O.. Bccker-PIatcn J. Rcnda L., Berg 

D., Engesscr B., Gaziry W., Heissig K., 

Hünermann K. A., Sondaar P. Y., Schmidt-Kittler 

N., Staeschc K., Staesche U., Steffcns P. & Tobien 

H. 1975. — Die Gliederiing des hoheren 

Jungtertiârs und Akquartârs in der 1 urkei nach 

Vertcbraten und ihre Bedeiitung fur die internatio¬ 

nale Ncogen-Stratigraphie. Geologishes Jachhuch, B 

15:1-167. 
Storch G. 1987. — The Neogenc niammalian Faunas 

of Ertemte and Harr Obo in Inncr Mongolia (Nei 

Mongol), China. 7. Muridac (Rodentia). 

Senkenhergiana Lethaea 67: 401 -431. 

Tedford R. H., Flynn L. J., Qiu Z., Opdyke 

N. Downs W. R. 1991. — Yushe Basin, China: 

paleomagnctically calibrated rnammalian biostrati- 

graphic standard for the late Neogcne of Eastcrn 

Asia. Journal of Vertebrate Paleontology 11 (4): 

519-526. 

Thomas H., Spassov N., Kodjumdgieva E., Poidevin 

J. L.» Popov V., Sen S., Tassy P. & Visset D. 

1986. — Résultats préliminaires de la première 

mission franco-bulgare à Dorkovo (arrondissement 

de Pazardjik, Bulgarie). Comptes rendus de 

l'Académie des Sciences ̂Paris, II, 302 (16) : 

1037-1042. 

Valverdc ). A. 1964. — Remarques sur la structure et 

révolution des communautés de vertébrés ter¬ 

restres. Terre & Vie 111:121-154. 

Van der Mculen A. &: Kolfschoten T. van 1986. — 

Review of the latc Turolian to early Biharian mam- 

mal faunas from Greece and Purkey. Memoria délia 

Societa geologica italiana 31:201-211. 

V'ekua A. K. 1972. — Kvabebi fauna of the Akchagyl 

Vertebrata. Nauk, Moscou. 350 p. [in Russian]. 

Wccrd A. van de, Reumer |. W. F. & Vos J. de 

1982. — Pliocène mammals from Apolakkia 

Formation (Rhodes, Greece). Proceedings of the 

Koninklijke Nederlandse Akademte van Wetenschap- 

peu, Amsterdam, B 85: 89-112. 

Zazhigin V. S. 1980. — Late Pliocène and 

Anthropogène rodcnrs of the south of western 

Siberia. Transactions of the Geological Institute, 
Moscow 339: 1-156 [in Russian]. 

Submitted for publication on 9 March 1997; 

accepted on 30 April  1998. 

510 GEODIVERSITAS • 1998 • 20(3) 


